Dopamine is a key neurotransmitter, and is widely used as a central nervous system (CNS) agent. Dopamine plays an important role in humans, including a major role in reward and motivation behaviour. Several addictive drugs are well known to increase neuronal dopamine activity. We selected , an Daphnia important model organism, to investigate the effect(s) of selected CNS agents on heart rate. Dopamine's effects on 's heart has not been previously Daphnia reported. Caffeine is a well-known and widely consumed stimulant. Ethanol is well known for its effects on both neurological and physiological processes in mammals. We tested the effect of dopamine on the heart rate of , and Daphnia compared its effect with caffeine and ethanol alone and in combination. Both caffeine and dopamine were found to instantly increase the heart rate of in a dose-dependent manner. Interestingly, caffeine synergized with Daphnia dopamine to increase 's heart rate. As ethanol decreased the heart Daphnia rate of and dopamine increased the heart rate of we wanted Daphnia Daphnia, to test the effect of these molecules in combination Indeed, Dopamine was . able to restore the ethanol-induced decrease in the heart rate of . Daphnia Effects of these CNS agents on can possibly be correlated with similar Daphnia effects in the case of mammals. 
Introduction
Neurotransmitters are the key mediators of communication between nerve cells. Because of their effect on brain and spinal cord, central nervous system (CNS) agents can be used to control or treat variety of medical conditions 1 . Stimulation of the hypothalamus can lead to cardiovascular disturbances, indicating a direct connection between the heart and the CNS 2, 3 . Different types of rewards are known to increase the level of dopamine in the brain 4 . Daphnia are small crustaceans commonly known as "water fleas", and are found in water bodies 5 . Daphnia is an ideal organism for research, as it has short life span, and can easily be cultured 6 . These organisms can feed on algae, yeast and bacteria 5 . More importantly, Daphnia are transparent, thus allowing clear visualization of different organs, including the heart 7 . The organs are protected by a thin membrane that allows the penetration of different compounds; therefore assisting with heart rate monitoring in real time 5 . Using a microscope that has computer-aided real-time imaging capabilities, the effect of various compounds can be observed on Daphnia's heart in real time. Daphnia's life span is 40-50 days, which varies in different species and also changed with environmental conditions, especially temperature. Male and female Daphnia can easily be differentiated, as female Daphnia have brood pouch that holds eggs. These eggs develop into embryos, leading to the production of juveniles that attain sexual maturity within ten days.
Dopamine is important for normal cardiopulmonary response to exercise and is necessary for optimal high-intensity exercise performance. Blocking dopamine receptors appears to be detrimental to exercise performance 8 . Caffeine, by antagonizing adenosine A2A receptors, is known to augment dopamine signalling in the brain 9, 10 . Even at routine doses, caffeine can enhance dopamine receptor accessibility in the mammalian CNS
10
. Caffeine has also been reported to normalize the heart rate of Daphnia, which is decreased by atropine and atenolol
11
. Ethanol is known to cause progressive weakness, difficulty in walking, and lowered heart rate 12 . Ethanol also inhibits calcium dependent neurotransmitter release, and, excitatory and inhibitory postsynaptic potentials in cultured spinal cord neurons 13 .
The aim of the present study was to investigate the effect of Dopamine on Daphnia's heart rate, alone and in combination of caffeine and ethanol. The rationale behind this research was that both caffeine and ethanol are known to affect nervous system functions 14 , and dopamine is a major neurotransmitter. , and filtered out using muslin cloth. These adults were cultured in 300 ml glass jars containing river water that was filtered with muslin cloth. Daphnia culture was supplemented with 0.5% yeast culture, added every third day. Yeast culture, in this case, was used as a food for Daphnia. Algae, yeast or bacteria are preferred food for Daphnia. Although, many workers use river water for Daphnia culture presuming that it would have better mineral composition, in our case, we were also able to culture Daphnia in aged tap water in the similar manner. Cultures were routinely monitored to ensure production of healthy Daphnia.
Methods

Daphnia
Counting of Daphnia's heart rate To investigate the effect of certain agents on the heart rate of Daphnia, real-time monitoring of changes in the heart rate of Daphnia is required. We used a microscope equipped with computer-aided real-time imaging capability (Magnus Live usb camera viewer, version 2.0, Magnus Analytics, New Delhi-110044, India), and for each reading heart rate was initially counted without any treatment (control). Subsequently, changes in the heart rate was monitored after the addition of selected agents. Each Daphnia was placed on the glass slide with 100 ul of water. The slide was observed in real time under the microscope at 40x or 100x magnification, and heart rate was counted. To avoid the effect of temperature or other environmental factors, counting was done after five seconds of starting the microscope. Subsequently, the microscope was switched off for five seconds, cardiovascular agents were added (see Table 1 ), and heart rate was counted again.
Statistical analysis
A paired t test analysis was done to compare changes in heart rates upon treatment with different agents. Statistical analyses were performed using GraphPad Prism version 6.00 for Windows (GraphPad Software, San Diego, CA, USA). P<0.05 was considered significant.
Results and discussion
Dopamine, like caffeine, increases the heart rate of Daphnia in a dose-dependent manner Dopamine's effects on Daphnia's heart has not been reported previously. We hereby report that dopamine instantly increases the heart rate of Daphnia in a dose-dependent manner, and a significant increase (25.7%) in the heart rate was observed, even at a low dose of 0.8 mg/ml (Figure 1 ). Caffeine showed a similar effect on Daphnia's heart rate at a 10-times lower concentration than dopamine (28.5% increase at 0.08 mg/ml, Figure 2 ). Dopamine is the precursor of norepinephrine, and has been shown to augment heart activity by affecting beta-adrenergic receptors, in the case of a canine model 16 . Furthermore, dopamine can cause both relaxation and contraction of vascular smooth muscle. Dopamine is also known to augment heart activity, pulmonary pressure, and cardiac index in the case of normal and hypertensive individuals 17 .
Dopamine synergizes with caffeine to increase the heart rate of Daphnia Caffeine, in combination with dopamine, increased Daphnia's heart rate more than when the agents were administered Figure 1 . Dopamine increases the heart rate of Daphnia in a dose-dependent manner. This experiment was performed two times, and a paired t test analysis vs control indicated the following P values: 0.0070 (for 0.8 mg/ml), 0.0255 (1.6 mg/ml), 0.0424 (2.4 mg/ml), and 0.0344 (3.2 mg/ml). These values are statistically significant. alone, which suggests a synergistic activity (Figure 3 ). Dopamine has also been previously reported to play a role in the responses of Drosophila to cocaine, nicotine or ethanol 18 .
Dopamine overcomes an ethanol-induced decrease of the heart rate of Daphnia To see the effect on the heart rate of Daphnia, ethanol was used at a concentration ranging from 2-8%, and was found to decrease the heart rate of Daphnia in a dose-dependent manner (Figure 4 ).
We observed that dopamine was able to rescue the ethanolinduced decrease in the heart rate of Daphnia, even at a concentration of 0.4 mg/ml ( Figure 5 ). Heart rates (beats per minute) was initially counted without any treatment (controls). Subsequently, changes in the heart rate was monitored after the addition of selected agents.
Figure 3. Dopamine synergizes with caffeine to increase the heart rate of Daphnia. Daphnia's heart rate was measured upon treatment with dopamine alone (red) or a combination of dopamine and caffeine (green). The concentration of caffeine (in combination with dopamine) was (A) 40 ug/ml and (B) 120 ug/ml. This experiment was performed two times, and a paired t test analysis vs control indicated the following P values: 0.0374 (0.8 mg/ml dopamine) and 0.0230 (1.6 mg/ml dopamine). These values are statistically significant. . Dopamine overcomes the ethanol-induced decrease on the heart rate of Daphnia. At 2% ethanol, dopamine-induced increase in the heart rate was 62.5% compared to control, and 84.8% compared to ethanol-induced heart rate. At 4% ethanol, dopamine-induced increase in the heart rate was 4.3% compared to control, and 33.7% compared to ethanol-induced heart rate.
Conclusion
This fundamental investigation can be of enormous importance, as caffeine and ethanol are the most widely consumed psychoactive drugs, and dopamine is a master neurotransmitter that is known to be involved in variety of diseases 19, 20 . It is possible that these psychoactive agents can have similar or more drastic effects in humans. It is, therefore, very important to urgently investigate the effect of these psychoactive agents, alone or in combination, in humans. Such studies can provide crucial information that can be used in a variety of clinical settings. For example, cases of alcohol or caffeine intoxication can be managed by dopamine therapy, treatment(s) of cardiac disorders may be different for alcoholics or coffeeholics, and patients undergoing dopamine therapy need to be regularly monitored for cardiothoracic status, and alcohol/caffeine consumption.
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The statistical Analysis applied is not correct; consequently I have some doubts if the results would be the same applying a correct statistical analysis. Authors used t-paired test to evaluate a dose-dependence curve in which more than two concentrations are compared. I suggest to authors apply One-Way ANOVA followed by a post hoc test (for example, Newman-Keuls). Additionally, authors indicated that the experiments were done two times. I understand that this means that a duplicate of each experiment were performed, is it correct?. If this is the case, a mean ± SD should be used to compare data. Please, correct.
Another important issue is about the synergism. Author concluded that dopamine synergizes with caffeine to increase the heart rate of Daphnia. But, synergism should be declared if a sub-threshold concentrations of DA and Caff is used. If not, only a potentiation is achieved. Please, correct the terminology of synergism or other experiments should be done using the combination of sub-threshold doses of DA and Caff.
It would be very important to add positive controls to test Daphnia's heart rate, for example, noradrenaline or atropine, both are prototypical substances that increase heart rate in vertebrate animals.
In the conclusion: in addition to the purpose of this kind of assay, I wondering if Daphnia's heart rate assay could be more suitable as a biomarker of toxicity instead of serve as a screening test of different drugs to alter Daphnia's heart rate?
Is the work clearly and accurately presented and does it cite the current literature? Yes Is the study design appropriate and is the work technically sound? Partly 1.
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The original article by Kundu and Singh focuses on the study the effects of cardiovascular drugs on the heart rate of Daphnia. The authors have used an interesting heart model: Daphnia. This model has some advantages in comparison with classical animal models such as rats, mice, dogs, cats, and others. This model could be interesting for researchers from undeveloped countries. The study shows the effect of dopamine, caffeine, and alcohol on Daphnia heart rate (HR), which has been studied in other animal models. In this case, it is shown that dopamine and caffeine increase HR, and alcohol reduces HR. Interestingly, dopamine restores the low HR ethanol-induced. The authors claim that it's probably similar effects of this agents in humans, however, the Daphnia heart does not represent a direct analog of mammalian cardiac function, so the interpretation of the results of the present study in terms of mammals is problematic. I have two comments/questions:
It is mentioned in the introduction, that atropine and atenolol decrease HR and this is not true in humans: Atenolol, a beta blocker reduces HR, but atropine, a cholinolytic agent, increase HR, so this statement must be revised. It could be useful if the authors add the how HR was performed. In general, after reading this submission, I consider that this is a short and interesting article about a simple model which will be useful for students, young researchers interested in alternatives to study cardiovascular function. After clarifying the comments the paper can be indexed. 
